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(54) SPARK PLUG 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a spark plug which is hardly consumed by 
oxidation/ volatilization of an Ir component at a high temperature while using 
metal mainly composed of Iras an ignition part material. 

SOLUTION: A spark plug 100 has a central electrode '3, an insulator 2 arranged 
outside its central electrode 3. a main body metal fitting 1 arranged outside 
the insulator 2 and an earth electrode 4 with one end joined to the main body 
metal fitting 1 and other end side oppositely arranged to the central electrode 
3, and a chip 31 or 32 is fixed to at least one of these central electrode 3 and 
earth electrode 4, and a spark discharge gap (g) is formed. The chip 31 or 32 is 
mainly composed of Ir, and an area where Vickers hardness becomes equal to or 
smaller than Hv 400 is formed in a thickness not less than 0.05 mm from at least 
its surface. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the spark plug 

used for an internal combustion engine. 

[0002] 

[Description of the Prior Art] Although what welded the chip of Pt (platinum) alloy at the 
nose of cam of an electrode, and formed the ignition section in it as a spark plug for 
internal combustion engines, such as an automobile engine, for the improvement in 
fireproof flower expendable is used conventionally Platinum is expensive, the melting 
point is also about 1769 degrees C, since it is not enough as a material [ exhausting / 
fireproof flower ], it is more cheap as a chip material, and the proposal for which Ir 
(iridium) also with the as high melting point as about 2454 degrees C is used is made. 
[0003] 

[Problem(s) to be Solved by the Invention] When the ignition section of a spark plug is 
constituted from Ir, since Ir has the property which produces an volatile oxide and is easy 
to exhaust, when it is used for the electrode ignition section as it is, it has the fault to 
which exhaustion by oxidization volatihzation poses a problem from sparks exhaustion in 
a 900-1000-degree C pyrosphere. Therefore, although endurance is good if it is the low 
conditions of temperature like a city area run, in the case of high-speed continuous 
running, there is a problem to which endurance falls extremely. Then, the suitable 
element for the alloy which constitutes the ignition section is added, and ****** is made 
even for ** in exhaustion by oxidization volatilization of Ir. For example, the spark plug 
to which even ** has improved the elevated-temperature thermal resistance of the 
ignition section and expendability-proof is indicated by JP,9-7733,A in oxidization 
volatilization of Ir component by adding Rh. Moreover, in order to suppress oxidization 
and volatilization of Ir, the proposal which uses the material which made Ir distribute the 
rare earth oxide of Y203 grade as an ignition section component is also made (JP,7- 
37677,A). However, in connection with the high increase in power of an engine in recent 
years, the service-temperature region of a plug tends to go up fiirther, and a spark plug 
which was more excellent in endurance is desired. 

[0004] Although the metal which makes Ir a principal component as an ignition section 
material is used for this invention, it is to offer the spark plug which the consumption by 
oxidization and volatilization of Ir component in an elevated temperature could not take 
place easily, as a result was excellent in endurance. 
[0005] 

[Means for Solving the Problem and its Function and Effect] In order to solve an above- 
mentioned technical problem the first composition of the spark plug of this invention A 
center electrode, the insulator formed in the outside of the center electrode, and the 
subject metallic ornaments formed in the outside of an insulator, While it has the ignition 
section which fixes at least to one side of the arranged grounding electrode, and a these 
center electrodes and a grounding electrode, and forms a spark discharge gap so that it 
may counter with a center electrode, and the ignition section is constituted by the subject 
in Ir The field where Vickers hardness becomes 400 or less Hv is characterized by being 
formed by the thickness of 0.05mm or more from the front face. 



r00061 When the ignition section which forms a spark discharge gap is constituted from a 
metal which makes Ir a subject, this invention persons are setting Vickers hardness of a 
surface section field with a thickness of 0.05mm or more to 400 or less Hv from a front 
face and found out that the spark plug which consumption by oxidization volatilization 
of Ir' component in an elevated temperature was effectively suppressed, as a result was 
more excellent in endurance is realized. 

100071 In the ignition section of the above-mentioned spark plug, if the thickness ot the 
surface section field where Vickers hardness becomes 400 or less Hv is set to less than 
0 05mm, the depressor effect [ exhausting ] by oxidization volatihzation of Ir component 
in an elevated temperature will no longer be attained fiiUy. In addition, as for the Vickers 
hardness of a surface section field, it is good to be desirably referred to as 370 or less Hv. 
Moreover, as for the thickness of this surface section field where Vickers hardness 
becomes 400 or less (desirably 370 or less Hv) Hv, it is desirable that it is 0.1mm or more 

roOOSl In" addition, to a grounding electrode and/or a center electrode, the above- 
mentioned ignition section can be joined by welding, and can form the chip which 
consists of a metal which makes fr a subject. In this case, the "ignition section as used in 
this specification shall point out the portion (for example, portion of the remainder except 
the portion alloyed with the material of a grounding electrode or a center electrode by 
welding) which has not been influenced of the composition change by welding among the 

jwot] tThis case, the ignition section can give predetermined processing to the metal 
material which makes Ir a subject, and can form the chip annealed and obtained at fiirther 
900-1700 degrees C by fixing at least to one side of a center electrode and a grounding 
electrode. In addition, "processing" here shall mean the thing of rolling forging cutting, 
cutting, and blanking which is independent or is made combining plurality m either at 
least In this case, the so-called hot working (or warm working) which carries out the 
temperature up of the alloy to predetermined temperature, and performs it can perform 
processing of rolling, forging, or blanking. Although the ^'^/king tenyerature is b^ 
also on alloy composition, it is good to consider, for example as 700 degrees C or mor^ 
The method of processing a dissolution alloy into a tabular with hot rolling, for example, 
piercing the plate in a predetermined configuration by stamping between heat fiirther as 
the more concrete manufacture method of a chip, and forming a chip can be i lustrated. In 
addition, after processing a dissolution alloy a line or in the shape of a rod with hot 
rolling or hot forging, the method of cutting this to predetermmed length m the length 
direction, and forming a chip is also possible. 

rOOlOl The distortion by plastic working remained to the considerable grade, the chip 
manufactured through such processing has started work hardening, and, as for the surface 
section field where especially the grade of distorted remains is large, the de^ee ot 
hardness is high fairly. As a result of this invention persons' inquinng wholeheartedly, 
when such a chip was fixed to the grounding electrode or the center electrode as it was 
and the ignition section was formed, consumption by oxidization and volatihzation ot Ir 
component tended to advance, and it became clear that the endurance of a spark plug is 
spoiled and this invention persons amieal at 900-1700 degrees C for this chip by 
softening a chip, oxidization and volatilization of Ir component are suppressed 
effectively, and they find out that the endurance of a spark plug improves so that the 



thickness of the surface section field where Vickers hardness becomes 400 or less (370 or 
less [ Desirably ]) Hv may be set to 0.05mm or more (desirably 0. 1mm or more), and 
they came to complete this invention hi addition, as for annealing atmosphere, it is 
desirable to carry out in reducing atmospheres, such as inert gas atmosphere, vacuum 
atmosphere of 10 to 3 or less torrs, or hydrogen atmosphere, so that oxidization and 
volatilization of h* under processing may be suppressed. 

[001 1] If an annealing temperature becomes less than 900 degrees C, softening [ of a chip 
] will become inadequate, as a result oxidization / volatilization depressor effect of h: 
component of the ignition section will no longer be obtained fully. Since a chip softens 
too much, and it deforms or L* component volatilization becomes easy to advance, the 
annealing temperature exceeding 1700 degrees C on the other hand is not desirable. As 
for an annealing temperature, it is good to adjust in 1000-1500 degrees C desirably. 
[0012] As opposed to the visible outline of the particle which appears on the cross section 
when the ignition section gazes at the cross-section organization, as shown in drawing 5 
Changing physical relationship with the particle for two parallel lines so that th e insidg of 
a particle may not be crossed in contact with the visible outline The t ime of various 
******, The ratio of the diameter [ as opposed to the overall diameter dmax for every 
overall diameter dmax of the particle and each / in / arbitrary cross sections / similarly the 
minimum value is made into the diameter dmin of the minimum, and ] particle for the 
maximum of the distance between the above-mentioned parallel lines / dmin of the 
minimum is made into dmin/dmax. It is desirable for the average of the dmin/dmax to 
have become 0.7 or more. That is, since work hardening of the chip material strong- 
processed by rolling, drawing processing, etc. is carried out as above-mentioned, it is not 
desirable on oxidization / volatilization suppression of Ir component of the ignition 
section. In this case, the particle (mainly crystal grain child) of a material is greatly 
extended in the processing direction, and above-mentioned dmin/dmax shows a quite 
small value. However, if the above-mentioned annealing is given, recrystallization will 
progress and dmin/dmax will become large gradually. And if the average of dmin/dmax 
becomes 0.7 or more, oxidization and volatilization of Ir component of the ignition 
section are suppressed much more effectively, and can aim at improvement in a life of a 
spark plug. In addition, as for the average of dmin/dmax, it is good to have become 0.75 
or more desirably. 

[0013] Moreover, the second composition of the spark plug of this invention A center 
electrode, the insulator formed in the outside of the center electrode, and the subject 
metallic ornaments formed in the outside of an insulator, While it has the ignition section 
which fixes at least to one side of the arranged grounding electrode, and a these center 
electrodes and a grounding electrode, and forms a spark discharge gap so that it may 
counter with a center electrode, and the ignition section is constituted by the subject in Ir 
As opposed to the visible outline of the particle which appears on the cross section when 
it gazes at the cross-section organization Changing physical relationship with the particle 
for two parallel lines so that the inside of a particle may not be crossed in contact with the 
visible outline The time of various ******^ The ratio of the diameter [ as opposed to the 
overall diameter dmax for every overall diameter dmax of the particle and each / in / 
arbitrary cross sections / similarly the minimum value is made into the diameter dmin of 
the minimum, and ] particle for the maximum of the distance between the above- 
mentioned parallel lines / dmin of the minimum is made into dmin/dmax. It is 



characterized by the average of the dmin/dmax having become 0.7 or more. For example, 
a fixed effect is expectable, when suppressing oxidization and volatilization of Ir 
component and raising the life of a spark plug by the above-mentioned annealing etc., it 
the organization of the constituent material (or constituent material of a chip) of this 
ignition section is adjusted, so that the average of dmin/dmax of the particle of the 
ignition section may become 0.7 or more. In addition, as for the average of dmin/dmax, it 
is good to have become 0.75 or more desirably. 

[0014] Moreover, the third composition of the spark plug of this invention A center 
electrode the insulator formed in the outside of the center electrode, and the subject 
metallic ornaments formed in the outside of an insulator. While it has the ignition section 
which fixes at least to one side of the arranged grounding electrode, and a these center 
electrodes and a grounding electrode, and forms a spark discharge gap so that it may 
counter with a center electrode, and the ignition section is constituted by the subject in & 
the ratio to the average hB of the Vickers hardness of the residual field of the average hS 
of the Vickers hardness of the surface section field from the front face facing the spark 
discharge gap to 0.05mm in thickness -- it is characterized by hS/hB being 0.9 or less 
[0015] hi the core of this chip, softening may not advance so much by the factor - when 
fairiy large even if the grade of work hardening of the chip for forming the ignition 
section gives the above-mentioned annealing, it is restrained by surrounding crystal grain, 
for example, and recovery and recrystallization are barred, hi this case, a fixed effect is 
expectable, when it will suppress oxidization and volatilization of fr component and will 
raise the life of a spark plug like the above-mentioned composition, if the surface section 
field of the ignition section formed of chip fixing has softened in the grade from which 
above-mentioned hS/hB becomes 0.9 or less compared with a residual field (namely, core 
field), hi addition, as for the value of hS/hB, it is good to have become 0.85 or less 
desirably. Moreover, the above-mentioned ignition section receives the visible outhne of 
the particle which appears on the cross section when it gazes at the cross-section 
organization. Changing physical relationship with the particle for two parallel lines so 
that the inside of a particle may not be crossed in contact with the visible outline The 
time of various ******, The ratio of the diameter [ as opposed to the overall diameter 
dmax for every overall diameter dmax of the particle and each / in / arbitrary cross 
sections / similarly the minimum value is made into the diameter dmin of the minimum, 
and ] particle for the maximum of the distance between the above-mentioned parallel 
lines / dmin of the minimum is made into dmin/dmax. It is still better if the average of the 
dmin/dmax has become 0.7 (0.75 or more [ Desirably ]) or more. Furthermore, the above- 
mentioned ignition section has it, if the field where Vickers hardness becomes 400 or less 
Hv is formed by the thickness of 0.05mm or more from the front face. [ still better ] 
[0016] The above-mentioned ignition section can constiUite the following fr alloys to a 
subject, for example. 

(1) Use the alloy which contains Rh by making Ir into a subject in 3 - 50% of the weight 
(however, it does not contain 50% of the weight) of the range. The spark plug which 
exhaustion of the ignition section by oxidization and volatilization of fr component in an 
elevated temperature was effectively suppressed by use of this alloy, as a result was 
excellent in endurance is realized. 

[0017] If the content of Rh in the above-mentioned alloy becomes less than 3% of the 
weight, the depressor effect of oxidization and volatilization of fr becomes inadequate, 



and since it becomes easy to exhaust the ignition section, the endurance of a plug will 
fall On the other hand, if the content of Rh becomes 50% of the weight or more, the 
melting point of an alloy will fall and the endurance of a plug will fall similarly. It is 
good to adjust in 18 - 22% of the weight of the range most desirably 15 to 25% of the 
weight seven to 30% of the weight from the above thing desirably [ as for the content of 
Rh adjusting in the above-mentioned range is good, and ]. 

[0018] (2) Use the alloy which contains Pt in 1 - 20% of the weight of the range by 
making Ir into a subject. The spark plug which exhaustion of the ignition section by 
oxidization and volatilization of Ir component in an elevated temperature was effectively 
suppressed by use of this alloy, as a result was excellent in endurance is realized. In 
addition since the depressor effect of oxidization and volatilization of h" will become 
inadequate and it will become easy to exhaust the ignition section if the content of Pt in 
the above-mentioned alloy becomes less than 1% of the weight, the endurance of a plug 
falls. On the other hand, if the content of Pt becomes 20% of the weight or more, the 
melting point of an alloy will fall and the endurance of a plug will fall similarly. 
r0019] (3) Use the alloy which contains Rh in 0.1 - 30% of the weight of the range by 
making Ir into a subject, and contains Ru in 0.1 - 17% of the weight of the range fiirther. 
The spark plug which consumption of the ignition section by oxidization and 
volatiUzation of Ir component in an elevated temperature was suppressed by this still 
more effectively, as a result was more excellent in endurance is realized. Since the 
depressor effect of oxidization and volatilization of fr will become inadequate and it will 
become easy to exhaust the ignition section if the content of Rh becomes less than ai% 
of the weight, it becomes impossible to secure the expendability-proof of a plug. When 
the content of Rh exceeds 30 % of the weight, the melting point of the alloy contaimng 
Ru falls fireproof flower expendability is spoiled, and it becomes impossible on the other 
hand, for the endurance of a plug to secure similarly. So, the content of Rh is adjusted m 
the above-mentioned range. , , • *i, 

[0020] On the other hand, if the content of Ru becomes less than 0.1% of the weight, the 
effect which suppresses consumption by the oxidization and volatilization of Ir by 
addition of this element will become inadequate. When the content of Ru exceeds 17 % 
of the weight, it on the contrary becomes easy to carry out sparks consumption of the 
ignition section, and it becomes impossible moreover, to secure endurance with a 
sufficient plug. So, as for the sum total content of Ru, it is good for it to be adjusted m the 
above-mentioned range and to adjust in 0.5 - 10% of the weight of the range still more 
desirably 0. 1 to 1 3% of the weight desirably. 

[002 1 ] When Ru contains in an alloy, it is referred to as one of the causes that the 
expendability-proof of the ignition section is improved, for example, a stable and precise 
oxide film is formed in an alloy front face at an elevated temperature of addition of this 
component, and it is guessed in the oxide of a simple substance that Ir whose volatility 
was very high is fixed in this oxide film. And this oxide film acts as a kind of passive 
state coat, and is considered to suppress oxidization advance of Ir component. Moreover, 
in the state where Rh is not added, since the anti-oxidation volatility in the elevated 
temperature of an alloy does not improve so much even if it adds Ru, the above- 
mentioned oxide films are multiple oxides, such as an Ir-Ru-Rh system, and it is also 
considered that it is that in which this excelled the oxide film of an Ir-Ru system in 
compactness or the adhesion to an alloy front face. 



[0022] In addition, if the sum total content of Ru increases too much, rather than 
volatilization of Ir oxide, that to which sparks consumption comes to advance according 
to the following mechanisms will be conjectured. That is, the adhesion force over the 
compactness or the alloy front face of an oxide film formed declines, and if this sum total 
content exceeds 17 % of the weight, especially the influence will become remarkable. 
And if the shock of the spark discharge of a spark plug is added repeatedly, it will be 
thought that the oxide film currently formed separates, become easy to fall, a new metal 
side is exposed with it, and sparks consumption becomes easy to advance. 
[0023] Moreover, addition of Ru can attain the important, still more nearly following 
effects. Namely, by making Ru contain in an alloy, as compared with the case where an 
Ir-Rh binary alloy is used, even if it cuts down Rh content sharply, expendability-proof 
can fiilly be secured, as a result a highly efficient spark plug can be more cheaply 
constituted now. In this case, as for the content of Rh, it is more desirably good that it is 
0.1 - 1 % of the weight 0.1 to 3% of the weight. 

[0024] In addition, the material which constitutes a chip can be made to contain the oxide 
(for a multiple oxide to be included) of the metallic element belonging to 3 A group (the 
so-called rare earth elements) and 4A group (Ti, Zr, Hf) of an element periodic table also 
in which the quality of the material of above-mentioned (1) - (3) by 0.1 - 15% of the 
weight of within the limits. Thereby, consumption by oxidization and volatilization of Ir 
component is suppressed still more effectively. If the content of the above-mentioned 
oxide becomes less than 0. 1% of the weight, the oxidization / volatilization prevention 
effect of Ir by the oxide addition concerned will no longer be acquired fiilly. On the other 
hand, if the content of an oxide exceeds 15 % of the weight, in case the thermal shock 
resistance of a chip will fall, for example, a chip will be fixed by welding etc. to an 
electrode, faults, such as a crack crack, may be produced. In addition, as the above- 
mentioned oxide, although Y203 are used suitably, La03, Th02, and Zr02 grade can be 
used preferably. 
[0025] 

[Embodiments of the Invention] Hereafter, the gestalt of some operations of this 
invention is explained using a drawing. An example slack spark plug 100 of this 
invention shown in drawing 1 While an end is combined with the insulator 2 which it 
******ed inside the subject metallic ornaments 1, the center electrode 3 prepared inside 
the insulator 2 in the state where the ignition section 3 1 formed at the nose of cam was 
made to project, and the subject metallic ornaments 1 by welding etc. so that the tubed 
subject metallic ornaments 1 and a point 21 may project It has the grounding-electrode 4 
grade arranged so that an other end side may be bent again in the side and the side may 
counter with the point of a center electrode 3. Moreover, the ignition section 32 which 
counters the above-mentioned ignition section 31 is formed in the grounding electrode 4, 
and let the crevice between these ignition section 31 and the ignition section 32 which 
counters be the spark discharge gap g. 

[0026] It is constituted by ceramic sintered compacts, such as an alumina or alumimium 
nitride, and the insulator 2 has the pore 6 for inserting a center electrode 3 in the interior 
in accordance with own shaft orientations. Moreover, while the subject metallic 
ornaments 1 are formed in the shape of a cylinder with metals, such as low-carbon steel, 
and constituting housing of a spark plug 100, the thread part 7 for attaching in the 
cylinder crank case which does not illustrate a plug 100 is formed in the periphery side. 



[0027] Next, as shown in drawing 2 , these somata 3a and 4a of a center electrode 3 and a 
grounding electrode 4 consist of nickel alloys etc. On the other hand, the above- 
mentioned ignition section 31 and the ignition section 32 which counters are constituted 
by the alloy which makes a subject, for example, an fr-Rh alloy. 
[0028] This soma 3a of a center electrode 3 piles up the disc-like chip which consists of 
alloy composition which the apical surface is constituted evenly and constitutes the 
above-mentioned ignition section here while the diameter of a nose-of-cam side is 
reduced, and the ignition section 3 1 is formed by forming a weld zone B by laser 
welding, electron beam welding, resistance welding, etc. along with the plane-of- 
composition rim section further, and fixing this. Moreover, the ignition section 32 which 
counters carries out alignment of the chip to a grounding electrode 4 in the position 
corresponding to the ignition section 3 1 , and is formed by forming a weld zone B 
similarly along with the plane-of-composition rim section, and fixing this. Li addition, it 
is good also as composition which omits either the ignition section 3 1 and the ignition 
section 32 which counters. In this case, the spark discharge gap g is formed between the 
ignition section 31 and a grounding electrode 4 or between the ignition sections 32 and 
the center electrodes 3 which counter. 

[0029] These chips process into a tabular the dissolution alloy obtained by blending and 
dissolving each alloy content with hot rolling so that it may become predetermined 
composition, and they pierce the plate in a predetermined chip configuration by stamping 
between heat, and what was annealed at 900-1700 degrees C (desirably 1000-1500 
degrees C) by reducing atmospheres, such as a vacuum, inert gas atmosphere, or 
hydrogen atmosphere, is used further. In addition, after a chip processes an alloy a line or 
in the shape of a rod with hot rolling or hot forging, it may cut this to predetermined 
length in the length direction, and may use what annealed further and was formed. 
[0030] And as for the ignition section 31 and the ignition section 32 which counters 
formed based on this chip, the field where Vickers hardness becomes 400 or less 
(desirably 370 or less Hv) Hv is formed by the thickness more than 0.05mm (desirably 
0.1mm) from the fi*ont face. Moreover, the above-mentioned ignition section 31 (and 
ignition section 32 which counters) makes dmin/dmax the ratio (refer to drawing 5 ) of 
the diameter dmin of the minimum to the above-mentioned overall diameter dmax for 
every particle in the arbitrary cross section, and let the averages of the dmin/dmax be 0.7 
or more (0.75 or more [ Desirably ]) things. 

[0031] Hereafter, an operation of a spark plug 100 is explained. That is, as shown in 
drawing 1 , a spark plug 100 is attached in a cylinder crank case in the thread part 7, and 
is used as an ignition source to the gaseous mixture supphed to a combustion chamber. 
Here, exhaustion of the ignition section by oxidization and volatilization of Ir is 
suppressed with the ignition section 31 and the ignition section 32 which counters which 
forms the spark discharge gap g being constituted as mentioned above. Thereby, the 
spark discharge gap g cannot be expanded over a long period of time, but the life of a 
plug 100 can be developed. 

[0032] For example, as shown in drawing 4 (a), in the case of the chip 101 which pierced 
and manufactured the rolled-plate material 200, surface section 101a especially with a 
high degree of hardness is formed near the ends side originating in a rolling side. If the 
ignition section 31 or the ignition section 32 which counters of drawing 2 is formed using 
this chip 101 as it is, the degree of hardness the gap opposite side 31a or near 32a will 



become high, and oxidization volatilization of Ir component will become easy to occur in 
this portion. On the other hand, as shown in drawing 4 (b), in the case of the chip 101 
which cut and manufactured the rod-like material 102 manufactured with forging to 
predetermined length in the length direction, surface section 101b with a high degree of 
hardness is formed near [ the ] a periphery side. When the ignition section 3 1 or the 
ignition section 32 which counters is formed using this, the degree of hardness peripheral 
surface 31b or near 32b becomes high, and oxidization volatilization of Ir component 
becomes easy to occur in this portion. However, if the chip which performed the above- 
mentioned annealing is used in any case, the high degree-of-hardness state of above- 
mentioned surface section 101a or 101b will be solved, and oxidization and volatihzation 
of Ir will be suppressed. 

[0033] As shown in drawing 3 , the ignition section 3 1 or the ignition section 32 which 
counters The cross section PI by the first field parallel to the medial-axis line 0 of a 
center electrode 3, (It is made to represent with the luminescence section 31 at drawing 3 
) Similarly it is parallel to this medial-axis line O, and it is good that the average of 
dmin/dmax of a particle is 0.75 or more desirably 0 J or more also in any of the first 
field, the cross section P2 by the second field which intersects perpendicularly, and the 
cross section P3 by the third field which intersects perpendicularly with this medial-axis 
line 0. For example, since the particle extended by the rolling direction becomes active in 
the chip 101 of drawing 4 (a) when it does not anneal or the ignition section 31 or the 
ignition section 32 which counters of drawing 2 is formed using a chip with inadequate 
annealing, in a cross section P3, dmin/dmax becomes easy to become less than 0.7. On 
the other hand, since the particle extended in the extension direction by forging becomes 
active in the chip 101 of drawing 4 (b), in a cross section PI or P2, the average of 
dmin/dmax becomes easy to become less than 0.7. However, the ignition section 31 or 
the ignition section 32 which counters becomes possible [ making the average of 
dmin/dmax or more into 0.7 ] also in which cross sections P1-P3 because annealing uses 
the fiilly given chip. 

[0034] In addition, you may make the whole simultaneously of a chip 101 Vickers 
hardness set to 400 or less (desirably 370 or less Hv) Hv by lengthening annealing time. 
In the core of this chip 101, softening may not advance so much by the factor on the 
other hand, when fairly large, even if the grade of work hardening of a chip 101 gives the 
above-mentioned annealing, it is restrained by surrounding crystal grain, and recovery, 
recrystallization, etc. are barred. Moreover, even if it fully anneals depending on the 
quality of a component of a chip 101, the Vickers hardness may not be made with 400 or 
less Hv. Vickers hardness hS of an average of 31s of surface section fields of the ignition 
section 31 (it is made to represent with the ignition section 31 in ignition section 
32:drawing which reached and counters) formed of fixing of a chip 101 as shown in 
drawing 4 (c) in these cases, a ratio with Vickers hardness hB of an average of residual 
field (namely, core field) 31c - a fixed effect is attained, when suppressing oxidization 
and volatihzation of Ir component and raising the Hfe of a spark plug, if hS/hB has 
softened in the grade which becomes 0.9 (0.85 or less [ Desirably ]) or less 
[0035] 

[Example] (Example 1) Ir simple substance metal material (99.9% of purity) and the 
alloy material which contains Rh or Pt by various composition by making Ir into a 
subject by blending and dissolving Ir, Rh, and Pt of the specified quantity were produced 



by the solution process. These materials were made into the tabular with a thickness of 
0.5mm with hot rolling (temperature of about 700 degrees C), and this was processed into 
the disc-like chip with a diameter [ of 0.7mm ], and a thickness of 0.5mm by the 
punched-out one between heat (temperature of about 700 degrees C). And vacuum 
annealing was performed to the chip after processing in the temperature of 1 150 degrees 
C or 1200 degrees C, and holding-time 5 - 40 hours, hi addition, the non- annealed chip 
was also produced for comparison. 

[0036] the ratio of the diameter [ as opposed to / each above-mentioned chip makes the 
cross section of the sense which intersects perpendicularly with an axis mostly in the 
thickness direction center section by polish, take the optical microscope photograph and / 
the overall diameter dmax of each particle ] dmin of the minimum - dmin/dmax was 
calculated by the well-known image-analysis technique, and the average was calculated 
[0037] Moreover, as shown in drawing 6 , each chip was cut in respect of an axis 01 
being included, the long and slender determination-of-hardness field with a width of face 
of 0.2mm was set up focusing on the datum line 02 which intersects perpendicularly with 
this through the middle point of this axis further, and the distribution of Vickers hardness 
in alignment with this datum line 02 was measured at intervals of 0.05mm towards the 
chip center from the front face (it displays as a "reference point" by drawing 6 ) of one 
one end of this datum line 02. In addition, measurement asked for the degree of hardness 
by the average in alignment with the datum line 02 measured four points at the 
predetermined intervals along the cross direction of the above-mentioned determination- 
of-hardness field for every position, using a micro Vickers hardness meter, and the 
measured degree-of-hardness distribution - setting - a degree of hardness with a position 
of the above-mentioned reference point to 0.05mm - h0.05 -- an average (h0.05+h0.1)/2 
of both were computed as a surface section degree of hardness hS, having used the degree 
of hardness with a position of 0. 1mm as hO. 1 similarly moreover, a degree of hardness 
with a position of a reference point to 0.30mm - h - 0.30 and [0038] which similarly set 
position (hO.35 and 0.40 moremm) of the degree of hardness to h0.40 for the degree of 
hardness with a position of 0.35mm, and computed those averages 
(h0.30+h0.35+h0.40)/3 as a core degree of hardness hB And these chips were used as the 
test piece and the weight percentage reduction (oxidization loss in quantity) of each test 
piece after holding at 1 100 degrees C in the atmosphere for 30 hours was measured. The 
result is shown in Table 1 . 
[0039] 
[Table 1] 
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[0040] That is, about the chip with which the degree of hardness hS of the surface section 
is 400 or less Hv, it turns out that oxidization loss in quantity is all small. Exhaustion of a 
chip would be suppressed also in the high speed and heavy load operational status to 
which the temperature of a plug rises, and this will have suggested that the endurance of a 
plug is raised, if a spark plug is produced using this chip. Moreover, these chips are also 
understood that each average of dmin/dmax has become 0.7 or more. On the other hand, 
about the chip (sample numbers 1, 3, and 8) for which the degree of hardness hS of the 
surface section exceeds Hv400, what oxidization loss in quantity is large (15% or more) 
is understood. 

[0041] Next, the ignition section 31 and the ignition section 32 which counters of the 
spark plug 100 shown in drawing 1 were formed as an example among some chips which 
carried out [ above-mentioned ] production as well as the chip (surface section degree-of- 
hardness hS:Hv328) of the number 6 of Table 1, using the chip (surface section degree- 
of-hardness hS:Hv556) of a number 3 as an example of comparison. In addition, the 
width of face of the spark discharge gap g was set as 1.1mm. The measurement result of 
the degree-of-hardness distribution which meets drawing 6 at the aforementioned datum 
line of these chips is shown. That is, with the chip of a number 6, the degree of hardness 
from a front face to 0.1mm is 360 or less Hv, and it turns out to being a thing belonging 
to the range of this invention that it does not call at a position but the degree of hardness 
shows the 500 or more-Hv high value uniformly by the chip of a number 3. Moreover, 
the optical microscope organization photograph of the surface section cross section of the 
used chip is shown in drawing 7 ((a) is a number 6 and (b) is one 200 times the number 



3: scale factor of this). It turns out that recrystalHzation progresses and the chip of a 
number 6 with which the crystal grain which the organization of the chip of the number 3 
which did not anneal originated in processing, and was strongly extended to ** on the 
other hand annealed to being active shows the equiaxed-grain-organization each crystal 
grain wore as a whole. 

[0042] And the performance test of the above-mentioned plug was performed on 
condition that the following (only in case of numbers 3 and 6). That is, these plugs were 
attached in the 6-cyUnder gasoline engine (displacement of 2800 cc), it ran continuously 
in a throttle full open state and engine-speed 5500rpm for 400 hours (center-electrode 
temperature of about 900 degrees C), and the state of the ignition section of the plug after 
an operation end was observed visually. The appearance photograph is shown in drawing 
8 . namely, about the spark plug of the example of comparison which constituted the 
ignition section from a chip (number 3) of that do not anneal and the surface section has 
hardened as shown in drawing 8 (b) To exhaustion of the ignition section advancing 
remarkably, as shown in this drawing (a), by the spark plug of the example which 
constituted the ignition section from a chip (number 6) which it annealed [ chip ] and 
softened the surface section, it turns out that exhaustion of the ignition section does not 
progress so much, but expendability-proof is improved. 



